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(54) Plate glass and substrate glass for electronics 

(57) A plate glass containing B^, having a total 
content of Li 2 0. Na 2 0 and K 2 0 of from 0 to 13 mol%, a 
content of BaO of from 0 to 0.8 mol% and a content of F I 6 . 1 

Si0 2 of from 50 to 75 mol%, and having an average lin- v 
ear thermal expansion coefficient of from 75x1 0" 7 to 
120x10- 7 /°C in a range of from 50 to 350°C, a strain 
point of at least 550°C. a density of at most 2.65 g/cm 3 

-at 20°G and an oxygen atom density-of-from-7.2xl 0'2 to 
9.0x10" 2 mol/cm 3 at 20°C. 




1-° 1-5 7.4 1.| 7.J 
OXYGEN ATOM DENSITY 



10 

CO 

10 



EP 0 953 549 A1 



Description 

[0001] The present invention relates to a plate glass having high resistance against the progress of fracture, i.e. a 
plate glass having high fracture toughness. Particularly, it relates to a plate glass suitable as a substrate for electronics, 
5 for which high thermal resistance and a thermal expansion coefficient of a same level as usual soda lime silica glass, 
are required. ~ J 

[0002] . In recent years, industry of large size flat display panels represented by color plasma display panels (herein- 
• after referred to as color PDP) has shown a remarkable growth, and glasses to be used as substrates thereof have been 
diversified. Heretofore, usual soda lime silica glass has been widely used for substrates for large sized flat display pan- 
io els. One of the reasons is such that the thermal expansion coefficients of various glass frit materials to be used as con- 
stituting part materials for panels, including inorganic sealing materials, can easily be adjusted to the thermalexpansion 
coefficient of soda lime silica glass. 

[0003] On the other hand, in order to reduce deformation or thermal shrinkage of glass substrates in the heat treat- 
ment process during the production of large sized flat display panels, it is strongly desired to improve the thermal resist- 

15 ance of the glass for substrates. For this purpose, a so-called high strain point glass has been widely used as a 
substrate, which has a thermal expansion coefficient of the same level as soda lime silica glass and has a higher strain 
point and which has an alkali content controlled to be lew in order to improve the electrical insulating property. 
- [0004] However, such a high strain point glass is brittle as compared with soda lime silica glass and thus has had a 
problem that it is likely to break in the production process. Further, such a high strain point glass has had another prob- 
. 20 lem that its density is large, whereby it has been difficult to reduce the weight of the large sized flat" display panel. 

[0005] To solve such problems, for example, JP-A-9-301 733 proposes a glass for substrate which has a low density 
and whichjs hardly flawed. The characteristic of being hardly flawed is effective in a case where a flaw as a fracture 
origin is likely to be imparted in the process for producing a panel, but it is not necessarily effective in a case where a 
flaw is imparted during processing treatment such as cutting prior to such a production process. It is usual that many 

25 flaws which are likely to be fracture origin, are already, present at an edge portion of the glass in the processing treat- 
ment such as cutting. In such a case, in order to prevent breakage of the glass, it has been necessary to present a plate 
glass which essentially has high resistance against the progress of fracture due to a tensile stress, i.e. a plate glass hav- 
ing high fracture toughness. ^ 
[0006] Usually, there is the following relation between the above mentioned fracture toughness (K, c ) and the fracture 

30 strength (cr): ' ~ 

) a = K lc /(Y xc 1/2 ) 

where c is the size of the flaw which causes fracture, and Y is a constant determined by the shape of the flaw. . 

35 [0007] As methods for evaluating the fracture toughness of brittle materials, many proposals have heretofore been 
made. JIS R1607 stipulates two methods i.e. a single edge precracked beam method (SEPB method) and an indenta- 
tion fracture method (IF method), as methods for testing the fracture toughness of fine ceramics. According to a com- 
mentary of the.above stipulations, the SEPB method is recommended as a method which should be employed mainly 
for the reason that the theoretical ground is clear. On the other hand, the IF method is described as a method for 

40 inspecting the length.of a crack formed when a Vickers.indenter is pressed against the surface of the material, which is 
employed for the reason that it is very simple, and the interrelation with the values measured by the SEPB method has 
been generally confirmed. In this connection, the discussion in JP-A-9-301 733 is made on the basis of the IF method, 
and although a substrate glass which is hardly" flawed, is disclosed, it can hardly be said as aimed at increasing the 
resistance against the progress of fracture due to a tensile stress. 

45 [0008] Accordingly, a discussion of the fracture toughness itself is considered to be preferably made on the basis of 
a method for measuring the resistance against the growth of a crack due to a tensile stress. As a typical method there- 
for, the above mentioned SEPB method, a chevron notch method (BBCN method) or a double cantilever method (DCB 
method) may, for example, be mentioned. Here, the BBCN method is a method for measuring fracture toughness by 
carrying out a bending test with respect to a test specimen having a chevron-type notch formed at its center portion, 

so and the DCB method is a method for measuring the load required for the progress of a crack by directly pulling both 
ends of the crack with respect to a test specimen having the crack introduced. The fracture toughness mentioned here- 
inafter is a value measured by the SEPB method, the BBCN method or the DCB method. 

[0009] According to J. Am. Ceram. Soc. 52 (1969), No.2. p99-105 (hereinafter referred to as Document 1), the fracture . 
toughness of soda lime silica glass is 0.75 MPa -m 1/2 . 
55 * [001 0] Silicate glasses having fracture toughness equivalent to or higher than the fracture toughness of soda lime sil- 
ica glass, have heretofore been known. For example, Document 1 discloses an aluminosilicate glass having a fracture 
: toughness of 0.91 MPa * m 1/2 , and J. Am. Ceram. Soc. 61 (1978), No.1-2, p27-30 (hereinafter referred to as Document 
. 2) discloses an alkali borosilicate glass having a fracture toughness of 0.94 MPa • m 1/2 . Further, SlD*96 Digest of Tech- 
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It ^ c h . T ,0U9hneSS d th6Se 9lasses is higher ,han the fractur e toughness of soda lime silica 

Sfl!?M S' asses ™/ be regarded essentially as glasses having the resistance against the progress of fradure 
proved. However, each of such glasses having high fracture toughness has a thermal expansion coefficfen, which S 
too small as compared with the thermal expansion coefficient of soda lime silica glass, or astrain point which iskslow 

s^asT^ 

[0011] On the other hand, the relation between the glass composition and the fracture toughness is discussed for 

D °r ent i or 2 - G " nera,,y - relation between ,he *■**» *■*-«• (Kic). -^iSSSS 

(E)and the fracture surface energy ( r ) of the material, is represented by the following formula: 9 s ™™*** 

K lc = (2xExy) ,/2 

[0012] From this formula, it is evident that in order to improve the fracture toughness, the Young's modulus and the 
fracture surface energy may be increased. Among them, the Young's modulus is a physical J?Jh£^K£ 
easrfy be measured, and rts relation with the glass composition has been known to some extent Howev* ft 2 
surface energy ,s a phjjca. value which is rather difficult to measure, and its re.ation with the g.as7^to Z 
Irtfle been reported. In fact. Document 1 discloses a relation between the Young's modulus and the fraTreTurfZe 

T^l* 6 : e ' ati0n d6Pendin9 UP ° n *• 9,ass ^ and *» interrelati^een^to tas bSn 
obtemed.^ 

It-eno^hT " T?' I 913 " COrtainin9 3 SUbStantia ' am ° Unt ° f ** Si ' « or 8 which ha * • hSSSSTbS 
sfrength vvrth oxygen, js believed to usually have high fracture toughness, but as disclosed in Document 2 such ctar- 

actenzation is not applicable to some glasses. ' . ' 

IS«f Smenti0ne< !f bOVe ' themechani sm for development of fracture toughness in a glass having high resistance 
against the progress of fracture, has not yet been sufficiently Carif ied. and for such clarification, it is beLS nSSy 

InJS ^ C ° mpl ^ B,aSS StrUCtUreS 3nd mechanism ° f *a<*u'e of glasses. Accordingly. extensivelxpSS 

th.^ Tr Ti 66 " t0 0b,ain 3 9,388 « hfch no < on, y -«« *• thermal e^ansi?n £££££ 

the^tonr^ 

30 [0 H*ll ™ e u present invention has been ^e to solve the above problems, and its object is to obtain a elate alass 
wh,ch has a thermal expansion coefficient of the same level as soda lime silica glass anS sfra n p£Si% «5 
hme s, ra glass and which has fraclure toughn^^ 

silica glass, and to obtain a substrate glass for electronics employing it eiougnnessotsodaiime 

[0015] The present invention provides a plate glass having a total content of Li 2 0. Na 2 0 and (0,0 of from 0 to 13 

r^X r * 830 ° f ,rom ° t0 0 8 mol% and a corrtent <* Si °2 of fr om 50 to 75 mor% a* I hav^g an a^ aQ e 
linear thermal expansion coefficient of from 75xifj- 7 to 120x10- 7 AC in a ranoe of from ™ t«t*n5 • f ^ 
.«.adensityofatmost 2 . K 

r^Lr?^' me P^ 6 " 1 '"! 60 * 0 " P roviaes a P'ate glass having a total content of Li 2 0, Na 2 0 and K 2 0 of from 0 
SfE^W* STo >c'? a ° f ,r ° m T 75 m0 ' % ' "* haVi " 9 a " aV6fa9e ,inear ^—' expansion oSS 

SSl. o y96n atpm dehsity 0,from 73xi0- 2 to 9.0X-10- 2 m6l/cm 3 at-20°C .. . 

[0017] Such plate glasses are most suitable as substrate glasses for electronics with respect to any of the thermal 
resistance the density and the fracture strength. Here, subsfrate glasses for electronics are m^^ 

SSLf* T *? 35 PDP ' P ' aSma addr6SS ,k,Uid ^ (PALC > «* ,ie,d emissi °" (FETa^ub 
strates for information recording media such as substrates for magnetic disks 

I™!? ^ P i resent i nventors have extensively studied various indices which may be accurately explain the fracture 

'ZZZZ^l^^f r suH - rt has been found that there is a sfro ^ ^rJ2£ 

riPnd ST? ■? 9 Umb6r d ° Xy9en at0ms ^'ned in a unit volume of glass i.e the oxygen atoms 

densrty. Namely, with an increase in the oxygen atom density, the fracture toughness increases as welf T^reainls 

Sir? u ?r tood - !?■ ii ^ * that •* a 9,ass **** a ^ ^eS o^ sszi; 

reqU ' red '° ^ m0re bond " in the pr09ress of fractur6 ' w ^eby the resistance againsTthTp™ 
of fracture increases i.e. the fracture toughness increases ' progress 

[0020] The oxygen atom density (D oxygan ) is calculated from the glass composition represented by consents Aj 
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and their molar fractions C, and the density (d, the unit being g/cm 3 ) of glass at 20°C, as follows. 
[0021] The molecular weight of each component is represented by m jt the percentage of the molar fraction of each 
component is represented by c it the number of oxygen atoms in each component is represented by x jf and the average 
molecular weight of glass is represented by m. Here. m=X(m jxc,x100 ), Cj=CjXl00 , and X is a symbol for summing 
5 . up with respect to all components of the glass. 

\ . D oxygen = d x £(x jXC /100)/m 

[0022] Table 1 shows the compositions represented by mol%, the fracture toughness (the unit being MPa • m 1/2 ), the 
10 densities (the unit being g/cm 3 ), the oxygen atom densities (the unit being 1 0" 2 mol/cm 3 ), the thermal expansion coef- 
. f icients (the unit being 1 0" 7 /°C), the strain points (the unit being °C) and the fracture strength (unit being MPa) of various 
glasses. 

[0023] Glass A is soda lime silica glass, glasses B to p are high strain point glasses having thermal expansion coef - 
ficients of the same level as the thermal expansion coefficient of soda lime silica glass, glasses E to G are alkali-free 
is glasses, glasses H to I are glasses disclosed in Document 1, and glasses J to K are glasses disclosed in Document 2. 
With respect to glasses H to K, data disclosed in Documents 1 and 2 were partially copied. 

[0.024] The fracture toughness of glasses A to G was measured by the BBCN method. In the present specification, 
the BBCN method is a three point bending test or a four point bending test, which will be described hereinafter. In this 
paragraph, the one in brackets ( j is the condition for the four point bending test. A chevron-type notch was formed at 

20 the center portion of a test specimen having a thickness of 6 mm (8 mm), a width of 8 mm and a length of 80 mm. Using 
a Tensilon type strength testing apparatus, a bending test was carried out at a crosshead speed of 0.005 mm/min, so 
that constant fracture takes place from the forward end of the notch imparted on the test specimen supported with a 
span of 60 mm (64 mm). The above span in the four point bending test was 1 6 mm. In order to avoid the effect of fatigue 
of the glass due to moisture, the measurement was carried out in a dry nitrogen atmosphere. The data of the fracture 

25 toughness of glasses H to K are those copied from Documents 1 and 2. Hereinafter, the fracture toughness in the 
present specification is the fracture toughness measured by the above described BBCN method. 
[0025] The density was measured by an Archimedes method with respect to a sample of about 20 g. The thermal 
expansion coefficient was measured in accordance with JIS R3102. The strain point was measured in accordance with 
JISR3103. 

30 [0026] The fracture strength was measured by the following method. . - 

[0027] A Vickers indenter was pressed against the center of a mirror finished surface of a test specimen having a 
thickness of about 3 mm. a width of about 8 mm and a length of about 50 mm, to form flaws from four corners of the 
impression, the direction in which the Vickers indenter was pressed, was adjusted so that the directions of the flaws 
would be vertical to the long side or the short side of the test specimen. With respect to the test specimen thus flawed. 

35 a three point bending test was carried out with a span of 30 mm so that the maximum bending stress would be exerted 
to the flawed portion. In order to avoid the deterioration in strength due to fatigue of the glass, the bending test was car- 
ried out in a dry nitrogen atmosphere. 

[0028] The fracture strength <y was obtained in accordance with the following formula: 

40 a = 3xPxL/(2xbxh 2 ) 

where P is the fracture load, L is the span, b is the width of the test specimen, and h isthe thickness of the tesTspeci : " 
men. 

[0029] On the other hand, the vicinity of the Vickers impression was observed by a microscope immediately before 
45 the bending test, whereby the length of the flaw vertical to the long side of the test specimen among the flaws intro- 
duced crisscross, was measured. The length (c) of thaflaw measured and the fracture strength (a) were plotted on a 
log-log graph, and then linear regression was carried out to obtain the fracture strength (<y 100 ) corresponding to 100 urn 
in the length of the flaw. Here, data of a test specimen in which flaws were not uniformly formed from the four corners 
pf the Vickers impression or of a test specimen which was broken from the edge without fracture from the flaws in the 
so bending test, were excluded. The data of cr 100 are shown in the column for the fracture strength in Table 1 (the unit being 
MPa). Hereinafter, the fracture strength in the present specification is.<r 100 . 

[0030] In the accompanying drawing. Figure 1 is a graph in which the relation between the oxygen atom density (the 
: unit being 10' 2 mol/cm 3 ) and the fracture toughness (the unit being MPa • m 1/2 ) was plotted on the basis of the data 
shown in Table 1. In the Figure, a fitting linear line is shown, and a strong linear interrelation is observed betwe n the 
55 two. Taking also the error in measuring the fracture toughness into consideration, it is apparent that the oxygen atom 
density is an excellent index for the fracture toughness. 

[0031 ] As is evident from Table 1 , the fracture toughness increases with an increase of th oxygen atom density. Fur- 
ther , it is noteworthy that with glass D, the fracture toughness is not so high in spite of the fact that the total content of 
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SV AI2 ° -, and ^° 3 ^ h ha * e ^ si "9 ,e *"* length with oxygen, is large as compared with glass A Which is 
soda l.me s,l,ca glass. Such results have not been expected from the conventional way of thinking 
[0032] From the foregoing knowledge, the following policy will be obtained. Namely, in order to obtain a glass having 
fracture toughness of fte ^same level or higher than the fracture toughness of soda lime silica glass, the oxygen atom 
densrty may be adjusted to be the same level or higher than that of the soda lime silica glass. In order to increase tt.e 
%Z n i Z V* 30 ° Xid . e ha T 9 3 "* 3 Sma " ion radius and havi "9 a s ™" m** volume' r^be ^o- 

TfT * 13 ^ ^ V °' Ume - *• Appen ' S ™* be used whichfs usS 

when the physical property of glass is predicted from an additive rule 

[0033] Table 2 shows the Appen's coefficients (the unit being cm 3 /mol) of the molar volumes of various oxides and 
fte oxygen atom denies (the unrt being 10* mol/cm 3 ) of various oxides calculated from the above Appen'sS- 
smith* evK ' en * fr° m Table 2, B2O3 is a preferred component in order to increase the oxygen atom density of g^ass 

» rlon InTf 5 ' 2 ^ 2r ° 2 are alS0 preferred "'"Ponents- On the other hand, an oxide containing 

tSSESZZ 1°1 f ' T 35 K2 ° ° r ^ h33 3 ,arge mdar and * an undesi *^'e component in 
prc^ertieT ^ ' ^ ^ ^ Sh ° U **. **» m,nimum level H used tor 

m^J!'* " 0t eSSentia ' * at Pl3te 9 ' aSS 0f 816 present invention conteins u 20. Na 2 0 and K,0 but it may contain 

■SJSnJJttS^h 0 ' f 0 * 2 - 'h'lf P ' a,e 9l3SS 0< 816 PreS6nt invenfon - is <rom 50 10 75 mol% * * » is '«* than 50 mol% 

. 9 "iT** 75 the expansion »»* *> ^ too small. 

[0036 ™eftenralex^ 

« rt s less than 75*10 7 /°C, rt tends to be difficult to adjust it to the thermal expansion coefficient of glass frt material 

r^r^a^ 

[0038] The densrty of the plate glass of the present invention at 20-C is at most 2.65 g/cm 3 If it exceeds 2 65 a/cm 3 
the plate glass tends to.be too heavy. Preferably, it is at most 2 60 g/cm 3 9 " 

' SavL^nTJmT 1 ° f I' P ' ate "If 8 ° f 1,16 Pr6Sent inVSnti0n - *> not esse * ial BaO* However. 

2£ 1^2? o r?^l St f 3 CaSe " 1,16 content is at most 0 8 mol% - and toe oxygen atom density at 20°C is 

nil ^ c^! r ' , ? ,« d ' CUlt t0 0l ?| ,n frac,ure to^^ess of the same level or higher than the fracture tough- . 
ness of soda l.me s.l,ca glass (0 75 MPa • m 1 * as measured by the above mentioned BBCN method and shown as fte 

erably at least 7-4x10 mol/cm . 11 the oxygen atom density exceeds 9.0xl0" 2 mpl/cm*. the density tends to be too 
9 0x10 mo| / cm • lf 1 « less than 7.4xio 2 mol/cm 3 , it tends to be difficult to obtain fracture toughness of the same 

ror example, preferred. Namely, .t -s a glass composition which consists essentially of . 



Si0 2 


50 to 75 mol%, 


Al 2 0 3 


4 to 20 mol%, 


B2O3 


.0.5 to10mol%, 


MgO 


2 to 15mol%, 


CaO 


1 to 15mol%, . 


SrO 


0 to 6 mol%, 


BaO 


0 to 0.8 mol%, 
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(continued) 



K 2 0 

Li 2 0+Na 2 0+K 2 0 



2 to 7 mol%, 



2to13mol%, 



5 




0 to 5 mol%, 



0 to 8 mol%, 



0 to 2 0101%, 



10 



0 to 2 mol%, and 



0 to 2 mol%. 



Here, "essentially" means that the total amount of components other than the above components is not more than 2 
15 mol%. Now, tiie respective components of this preferred glass composition will be described. 

[0043] . Si0 2 is a network former and essential, and it is contained within a range of from 50 mol% to 75 mol%. If rt is 
less than 50 mof%, the density tends to be too high. Preferably, it is at least 54 mol%. If it exceeds 75 mol% ( the thermal 
expansion coefficient tends to be too small. Preferably, it is at most 68 mol%. 

[0044] Al 2 0 3 is a component effective for increasing the oxygen atom density and essential. If it is less than 4 mol%, 
20 the oxygen atom density tends to be low, or the strain point tends to be too low. Preferably, it is at least 6 mol%. On the 
other hand, if it exceeds 20 mor%. the thermal expansion coefficient tends to be too small. Preferably, it is at most 14 
mol%. 

[0045] B20 3 is a component effective for increasing the oxygen atom density and essential. If it is less than 0.5 mol%, 
the effect for increasing the oxygen atom density tends to be small. If it. exceeds 10 mol%. the strain point tends to be 
25 too low. Preferably, it is at most 5 mol%. , 
[0046] MgO is a component effective for increasing the oxygen atom density and essential. If it is less than 2 mol%, 
the oxygen atom density tends to be low. Preferably, it is at least 3 mol%. On the other hand, if it exceeds 1 5 mol%. the 
thermal expansion coefficient tends to be too small. Preferably, it is at most 1 2 mol%. 

[0047] CaO is a component effective for increasing the oxygen atom density and essential. If it is less than 1 mol%, 
30 the oxygen atom density tends to be low, or the thermal expansion coefficient tends to be too small. Preferably, it is at 
least 2 mol%. On the other hand, if it exceeds 1 5 mol%. devitrification is likely to result Preferably, it is at most 1 2 mol%. 
[0048] ..SrO is not essential, but in order to increase the thermal expansion coefficient, it may be incorporated tip to 6 
mol%. If it exceeds 6 mol%, the oxygen atom density tends to be low. or the density tends to increase. More preferably, 
it is at most 5 mol%. 

35 [0049] BaO is not essential, but may be incorporated up to 0.8 mol% in order to increase the thermal expansion coef- 
ficient-. If it exceeds 0.8 mql%, the oxygen atom density tends to be low, or the density tends to increase. More prefera- 
bly, it is at most 0.5 mpt%. ' " , 

[0050] Lt 2 0 is not essential, but may be incorporated. up. to 10 mol% in order to increase the oxygen atom density. If 

it exceeds 10 mol%, the strain point tends to be too low. Preferably, it is at most 7 mol%. ~ 
40 [0051]- rNja 2 O is not-essential..but.is , preferaWy incojporated within a range of from 4. mol% to 12 mol% in order to 

increase the thermal expansion coefficient. If it exceeds 1 2 mol%7the"electrical insulating -property 4endsio.beJow. 

[0052] K 2 0 is essential and incorporated within a range of from 2 mol% to 7 mol%, preferably at least 3 mol%, more 

preferably at least 4 mol%. If it is less than 2 mol%, the meltability of glass decreases. If it exceeds 7 mo!%, the oxygen 

atom density decreases. Preferably, it is at most6mol%. 
45 [0053] The total amount of Li 2 0, Na 2 0 and K 2 Q is at most 13 mol%. If it exceeds 13 mol%, the electrical insulating 

property tends to be low. The above total amount is preferably at least 4 mol%, more preferably at least 6 mol%. If it is 

less than 4 mol%, the thermal expansion coefficient tends to be too small, or the density tends to be too high. 

[0054] Zr0 2 is. not essential, but may be incorporated up to 5 mol% in order to increase the oxygen atom density. If it 

exceeds 5 mol% ( the density tends to be too high. Preferably, it is almost 4 mol%.' 
so [0055] Ti0 2 is not essential, but may be incorporated up to 8 mol% in order to increase the oxygen atom density. If it 

exceeds 8 mol%. the density tends to be too high. Preferably, it is at most 6 mol%.' 

[0056] Y 2 0 3 , Ta 2 O s and Nb 2 0 5 are not essential, but may be incorporated up to 2 mol% each in order to increase the 
oxygen atom density. If each of them exceeds 2 mo!%, the density tends to be too high. The total amount of Zr0 2 . 710 2 , 
Y 2 0 3 . TagOs and Nb 2 O s is preferably at most 10 mol%. If it exceeds 10 mol%, the density tends to be too high. More 
55 preferably, the total amount is at most 5 mol%. 

[0057] The plate glass of the present invention is preferably a plate glass wherein no phase splitting phenomenon has 
, occurred. If a phase splitting phenomenon has occurred, there may be a case where the fracture toughness will not be 
improved even when the oxygen atom density is sufficiently high. 
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KS ISff* ? SS f T eleCtr ° niCS empl ° yin9 the glass of me invention * * substrate glass for elec- 
ts ^ which tea thermal expansion coefficient of the same level as the thermal expansion co^!!SlSXL 

^<%T n rt h ' 9her , than SOda Hme Si,iCa 9,ass ' and ^ has fractal 
higher than the fracture toughness of soda lime silica glass. 

L't th 6Sent 56 d6SCribed in further detail with reference to Examples, However it should 

be understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLES 
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■ [Tn ^ n 65 L ' 2" n 3nd P havinQ the as identified in Table 3 by mor%. were prepared Glasses 

r^,^^^ VTSZ * Pr6Sent inVenti ° n - 3nd 9laSS P re P resen * a ComparaLSSpte S 

S^n^ "I *• ^ t0U9hneSS - the densi * *• expansTcoefficierne 
point, and the fracture strength (a 100 ) were measured. Table 3 shows the fracture toughness (the unit beino MP* .3 



Table 1 







Glass 
A 


Glass 
B 


I Glass 
C 


Glass 
D 


Glass 

. E 


Glass 
F 


Glass 
G 


Glass 
,H 


Glass 
I 


Glass 
J 


Glass 
K 


35 


Si0 2 


72.0 


66.5 


69.2 


60.0 


67.0 


66.0 


67.6 


58.5 


100 


60 


60 






11 


4.7 


2.5 


10.0 


7.8 


11.0 


11.5 


12.1 


0 


0: 


20 




B2O3 


0 


0 , 


0 


5.0 


6.0 


7.0 


8.7 


3.5 


0 


16 


0 




u 2 o 


0 


0* 


0 


0 


0 


0 


0 


0 


0 


0 


0 




-Na 2 0 _ 


1?6 . 


.4.8- 


2,0 


2.0 


0 ■ 


0 


0 


1.0 


0 


24 


20 




K 2 0 


0.2 v 


4.4 


9.5 


8.0 


0 . 


0 


0 


0 


0 


0 


0 




MgO 


5.5 


3.4 


7.0 


5.0 


, 3:6 r 


6.4 


1.4 


18.3 


0 


0 


0 


45 


CaO 


8.6 


6.2 


8.0 


10.0 


4.0 


4.8 


5.2 


' 6.6 


o. 


0 


0 




SrO - 


0 


4.7 


0 


0 


4.5 


4.8 


1.3 


0 


0 


0 


0 




BaO 


0 


3.6 


0 


0 


7.1 


0 


4.3 


0 


0 


0 


0 


50 


2r0 2 


0 


1.7 


1.8 


0 


0 


0 


0 


0 


0 


0 


0 




Fracture tough- 
ness 


0.75 


0.64 


0.68 


0.65 


0.78 


0.86 


0.79 


0.91 


0.80 


0.94 


0.67 




Density 


2.49 


2.77 


2.51 


2.49 


2.77 


2.51 


2.55 


2.56 


250 


2.46 


2.44 


£5 


Oxygen atom 
density 


7.30 


7.11 


6.92 


7.15 


7.53 


7.68 


7.60 


7.88 


7.32 


7.61 


7.09 




Thermal expan- 
sion coefficient 


~85 


~83 


~83 


~83 


<50 


55 


5a 


~5o 


~~5 







EP 0 953 549 A1 



Table 1 (continued) 





Glass 
A 


Glass 
B 


Glass 
C 


Glass 
D 


Glass 
E 


Glass 
F 


Glass 
G 


Glass 
H 


Glass 
1 


Glass 
J 


Glass 
K 


Strain point 


511 


570 


595 


590 












<540 




Fracture 
strength 


65 


56 


54 










83 









Table 2 



25 



45 





Append coefficient of 
molar volume - 


Oxygen atom density 


Si0 2 


26.1 to 27.25 


7.34 to 7.66 


Al 2 0 3 


40.4 


7.43 


B 2 0 3 


18.5 to 38 


7.89 to 16.2 


Li 2 0 


11 


9.09 


Na 2 0 


20.2 


4.95 


K 2 CT 


34.1 


2.93 


MgO 


12.5 


8.00 


CaO 


14.4 


6.94 


SrO 


17.5 


5.71 


BaO 


22 


4.55 


ZnO 


14.5 


6.90 


PbO 


21 to 23.5 


4.26 to 4.76 


Ga20 3 


42.5 


7.06 


Y 2 0 3 


35 


8.57 


La 2 0 3 


40 


7.50 




47 


6.38 


Bi 2 0 3 


45"' 


6.67 


Sn0 2 


■ 28.8 


- 6.94 


T10 2 


19 to 22.5 


8.89 to 10.53 


Zr0 2 


23 


8.70 


Nb20 3 


56 


8.93 


Ta 2 O s 


52 


9.62 



so 



Table 3 





Glass L 


Glass M 


Glass N 


Glass O 


Glass P 


Si0 2 . 


56 


58 


57 


57 


60 


Al 2 0 3 


9 


8 


9.5 


9 


8 
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Table 3 (continued) 





Glass L 


Glass M 


Glass N 


Glass O 


Glass P 


B 2 0 3 


3 


4 


4 


4 


2 


Li 2 0 


0 


0 


0 


0 


0 


Na 2 0 


12 


7 


6 


5 


0 


K 2 0 


0 


4 


4.5. 


5.5 


18 


MgO 


10 


9 


6.5 


6.5 


6 


CaO 


10 


1° 


11 


10 


6 


SrO 


0 


0 


0 


1 


0 


BaO 


0 


0 


0 


0 


0 


2r0 2 


0 


0 


1.5 


2 


0 


Fracture toughness 


0.80 


0.75 


0.80 


0.78 


0.64 


Density 


2.557 


2.531 


2.568 


2.593 


2.474 


Oxygen atom density 


7.42 


7.30 


729 


7.24 


6.52 


Strain point 


552 


554 


580 


590 


590 


Thermal expansion coefficient 


83 


88 


84 


85 


103 


Fracture strength 


72 


65 






53 



Son oTth P T ,0 1 " ? P ° SSible t0 ° btain 3 h ' 9h Strain P° int P ,ate 9 tess wnich •« a thermal 

exp^on coeffraent of the same level as the thermal expansion coefficient of soda limesilica glass and which is of a 
hght we.ght and hardly breakable, and the plate glass is suitable as a substrate g.ass for eTecfroS 

Claims , 

1 " Lotf nTn« nin9 l 5° 3 '. haV,n9 3 t0ta ' 00,1,6,11 01 U2 °- Na2 ° and K *° <* ,rom 0 to l3mon6. a content of 
BaO of from 0 to 0.8 mol% and a content of Si0 2 of from 50 to 75 mot%. and having an average linear thermal 
ex^ns,oncoeff,c,en^^^ 
a densrty of at rrost 2.65 g/cm3 at 20-C ^ ^ 

2 ' o< a? ««^X B2 %^? t0ta,content of U 2°- Na 2° « 2 0 of from 0 to 13 mo.% and a content 
Vc . in tr I ' ^ ^ a " aV6rage Hnear thermal e**™™ of from 75xl 0 - 7 to 

120x1 0 PC m a range of from 50 to 350°C. a strain point of at least 550»C. a density of at most 2.65 g/cm 3 at 20°C 

. and.an oxygen mqmde^ Maj ^ 



3. . The plate glass according to Claim 1 or 2. wherein the density is at most 2.60 g/cm 3 at 20«C. 

4. The plate glass according to Claim 1 or 2, which consists essentially of: 



Si0 2 


50 to 75 mol%, 


Al 2 0 3 


4to20mol%, 


B2O3 


0.5 to 10mol%, . 


MgO 


2 to 15 mol%, 


CaO 


1 to 15mol%, 


SrO 


0 to 6 mol%, 


BaO 


0 to 0.8 mol%. 
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(continued) 



K 2 0 


2 to 7 mol%, 


Li 2 0+Na 2 0+K 2 0 


2to13moi%, 


Zr0 2 


0 to 5 mol%, 


Ti0 2 


0 to 8 mo!%, 


Y 2 0 3 


0 to 2 mol%, 


Ta 2 0 5 


0 to 2 mof%, and 




0 to 2 mol%. 



5. The plate glass according to Claim 1 or 2, which consists essentially of: 





Si0 2 


54 to 68 mol%, 


20 


AI2O3 


6 to 14mor%, 




B2O3 


0.5to5mor%, 




MgO 


310 12 0101%, 




CaO 


2to12mol% 


25 , 


SrO 


0to5mol%, ' 




BaO 


0 to 0.8 mol%, 




U 2 0 


0 to 10 mor%, 


30 


Na 2 0 


4 to 12mot%, 




K 2 0 


2 to 7 mol%, 




U 2 0+Na 2 0+K 2 0 


6to13mol%, 




Zr0 2 


0to4mol%, 


35 


Ti0 2 


0to6mol% t 




Y2O3 


0 to 2 mol%, . 




Ta 2 0 5 " 


0 to 2 mpl%, and 




_Nb 2 q 5 


0to2mol%. 



6. A substrate glass for electronics employing the plate glass as defined in any one of Claims 1 to 5. 



so 
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